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Simulated  interpersonal  touch  was manipulated  during  a Go/No-Go  task.
Holding  a teddy  bear  versus  a cardboard  box  led to  greater  ERN  amplitudes.
This  effect  was  especially  pronounced  for  people  high  in  trait intrinsic  motivation.
Simulated  interpersonal  touch  may  be a useful  way  to  prevent  loss  of  task  engagement.
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The  error-related  negativity  (ERN  or Ne)  is  a  negative  event-related  brain  potential  that  peaks  about
20–100  ms after  people  perform  an  incorrect  response  in choice  reaction  time  tasks.  Prior  research  has
shown that  the ERN  may  be enhanced  by  situational  and  dispositional  factors  that promote  intrinsic  moti-
vation.  Building  on  and  extending  this  work  the  authors  hypothesized  that  simulated  interpersonal  touch
may  increase  task  engagement  and  thereby  increase  ERN  amplitude.  To  test  this  notion,  20  participants
performed  a  Go/No-Go  task  while  holding  a teddy  bear  or a  same-sized  cardboard  box.  As  expected,  theask engagement
ouch
ntrinsic motivation
rror-related negativity
ction versus state orientation
ersistence
ERN  was  signiﬁcantly  larger  when  participants  held  a teddy  bear  rather  than  a cardboard  box.  This  effect
was  most  pronounced  for people  high  (rather  than  low)  in trait  intrinsic  motivation,  who  may  depend
more  on  intrinsically  motivating  task  cues  to maintain  task  engagement.  These  ﬁndings  highlight  the
potential  beneﬁts  of simulated  interpersonal  touch  in  stimulating  attention  to errors,  especially  among
people  who  are  intrinsically  motivated.
© 2016  The  Authors.  Published  by Elsevier  Ireland  Ltd.  This  is an  open  access  article  under  the  CC  BYeople inevitably make errors, no matter how skilled they are at a
ask. However, there is considerable variation in how much peo-
le care about errors. When people care little about a task, they
re prone to ignore errors, but when people are motivated to per-
orm well, they are likely to heed errors and to respond to them by
ncreasing their efforts [1,2]. To understand how people respond
o errors, it is therefore critical to examine the factors that inﬂu-
nce people’s motivation to do well at a task. In the present study,
e consider how error processing is inﬂuenced by the interplay
etween a contextual factor that inﬂuences intrinsic task motiva-
ion, i.e., simulated interpersonal touch, and individual differences
n intrinsic motivation.
An important neural correlate of error monitoring is the error-
elated negativity (ERN), a negative event-related potential that
∗ Corresponding author.
E-mail address: m.m.tjew-a-sin@vu.nl (M. Tjew-A-Sin).
ttp://dx.doi.org/10.1016/j.neulet.2016.01.044
304-3940/© 2016 The Authors. Published by Elsevier Ireland Ltd. This is an open access license  (http://creativecommons.org/licenses/by/4.0/).
is elicited when people produce an incorrect response in choice
reaction time tasks, peaking about 20–100 ms  after the erroneous
response with a fronto-central scalp distribution [4,5]. One often-
used paradigm to elicit the ERN is the Go/No-Go task [6,7]. This task
requires people to perform an action given certain stimuli, often
pressing a button (e.g., the ‘Go’ response), and inhibit that action
given different, less frequent, stimuli (e.g., ‘No go’). The greater
frequency of Go stimuli creates a tendency for people to respond
on every trial, which leads them to commit errors when the less
frequent No-Go stimulus appears. Such errors typically elicit the
ERN.
Functional brain imaging studies have shown that the ERN
reﬂects activity in a neural conﬂict monitoring system in the ante-
rior cingulate cortex [8–10]. The size of the ERN depends on the
person’s motivation or task engagement. When people are striv-
ing for accurate performance, ERN amplitudes increase, while ERN
amplitudes decrease when people respond with greater speed at
the expense of accuracy [11,12]. Moreover, the ERN varies as a func-
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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ion motivational states and traits [12,13]. For instance, the effects
f motivational context on the ERN are moderated by aspects of trait
ersistence, such as intrinsic motivation, which reﬂects whether
eople are motivated by interesting or novel tasks [13].
So far, research on error processing has mainly studied the
ole of motivation in a direct, explicit manner, by instructing par-
icipants to be concerned about errors or by providing rewards
ased on task performance [14,15]. However, how much people
are about errors may  also be inﬂuenced by subtle contextual fac-
ors. One such factor may  be brief, non-threatening experiences of
ctual or simulated interpersonal touch, which can have a motivat-
ng or encouraging effect. For instance, students who were touched
wice on the arm during an interview after a ﬁrst examination
mproved their performance on later examinations compared to
tudents who were not touched [16]; see also Refs. [17–19], and
lderly people who were stroked by an anthropomorphic robot per-
ormed more working actions and spent more time working on the
ask [20]. In view of these ﬁndings, we hypothesized that simu-
ated interpersonal touch may  increase people’s task motivation,
nd hence increase error processing.
To test this hypothesis, we conducted an experiment in which
e manipulated simulated interpersonal touch, by asking partici-
ants to hold either a teddy bear [see Refs. [21,22]] or a cardboard
ox during a Go/No-Go task. We  predicted that simulated interper-
onal touch (i.e., holding a teddy bear) would lead our participants
o care more about errors, leading to larger ERN amplitudes (rela-
ive to holding a cardboard box). In line with prior research [e.g.,
efs. [23,24]], we also expected that simulated interpersonal touch
ould be more effective among people high in trait intrinsic moti-
ation, because they are more motivated by interesting tasks than
eople low in trait intrinsic motivation.
. Method
.1. Participants and design
Twenty-three right-handed students from VU University, Ams-
erdam, participated voluntarily in a 2-hour session for course
redit or D 15. None of the participants had a history of neurological
r psychiatric disease. The study was conducted in accordance with
he Code of Ethics of the World Medical Association. All participants
ave written informed consent. Three participants were excluded:
ne participant showed excessive noise in EEG recording; a second
articipant committed more than 35% errors on Go trials; and a
hird participant committed too few errors in the No-Go trials (less
han 10%). Thus, the ﬁnal dataset consisted of 20 participants (16
omen, 4 men; average age: 20). The study had a within-subjects
actorial design in which participants completed two sessions of a
o/No-Go task, one while holding a teddy bear and one while hold-
ng a same-sized cardboard box (order was counterbalanced). The
ain outcome measures were performance and ERNs during the
o/No-Go task. We  also measured individual differences such as
rait intrinsic motivation.
.2. Procedure and materials
We  ran the experiment in a soundproof chamber that was
quipped with a computer. Participants were told that the study
nvestigated the effects of distracting objects on task performance.
articipants ﬁrst completed questionnaires including the Action
ontrol Scales [25] with the Persistence subscale (Cronbach’s
lpha = .63) that we used to measure trait intrinsic motivation.
he Persistence subscale has been linked consistently to intrinsic
otivation and task engagement in work settings [23,26] and in
aboratory tasks [24,27]. It measures the degree to which a per- Letters 617 (2016) 134–138 135
son becomes caught up in interesting tasks. An illustrative item is
“When I am trying to learn something new that I want to learn:
(A) ‘I will keep at it for a long time’, B. “I often feel like I need to
take a break and go do something else for a while”. In this example,
option A reﬂects a high and option B reﬂects a low intrinsic motiva-
tion response. We  summed participants’ number of action-oriented
responses to provide an index of trait intrinsic motivation.
We continuously measured EEG while participants completed a
Go/No-Go task. Participants started with practice trials, after which
they completed two  sessions in counterbalanced order, one while
holding an 80 cm teddy bear and one while holding a cardboard box.
Finally, participants were asked for some biographical information
and debriefed.
1.3. Dependent variables
1.3.1. Go/No-Go task
Participants completed a version of the Go/No-Go task that was
speciﬁcally designed to elicit frequent errors [see Ref. [28]]. Par-
ticipants were told that they would see a ﬁxation cross on the
screen, followed by either the letter M or the letter W.  They were
instructed to press the space bar if they saw the letter M (the Go
stimulus), and to refrain from pressing when they saw the let-
ter W (the No-Go stimulus). Participants were told to do the task
quickly but accurately. The ﬁxation cross was presented between
300–700 ms,  and the stimulus letter was shown for 100 ms.  Partic-
ipants were given 500 ms  to respond to the stimulus letter before
moving to the next trial. Participants started with 20 slower prac-
tice trials with feedback to familiarize them with the task. For the
actual task, participants completed two  sessions without feedback
(one per object to hold), each consisting of six experimental blocks
of 100 trials. The ﬁrst six participants were erroneously presented
with only 5 experimental blocks per session. Of  every 100 trials, 80
Go and 20 No-Go trials were presented randomly. We  measured
average reaction time on correct and incorrect trials, and the num-
ber of omission (not pressing during a Go trial) and commission
(pressing during a No-Go trial) errors.
1.4. Neurophysiological recordings
Recording sites on the face and mastoids were lightly abraded
and cleaned with alcohol. Bipolar leads were placed to record hori-
zontal electrooculogram (HEOG) from the left and right temple, and
vertical electrooculogram (VEOG) from above and below the left
eye. Continuous EEG during the Go/No-Go task was recorded using
a stretch ECI cap embedded with 62 sintered Ag/AgCl electrodes.
Recordings were digitized at 500 Hz using Neuroscan acquisi-
tion software (Compumedics Neuroscan, Hamburg, Germany) with
average-ear reference and ground on the left cheek. EEG was cor-
rected for vertical electrooculogram artifacts [29].
We  used Brain Vision Analyzer software (Brain Products, Glich-
ing, Germany) to digitally ﬁlter the EEG ofﬂine between 0.1 and
30 Hz (FFT implemented, 12 dB zero phase-shift Butterworth ﬁl-
ter). The 200 ms  period before button press was used for baseline
correction. An epoch was deﬁned as 200 ms before and 400 ms
after the response. Epochs containing EEG artifacts exceeding 80 V
were excluded. Data for these epochs were averaged within partic-
ipants independently for correct trials (correct related negativity;
CRN) and incorrect trials (ERN), and then grand-averaged within
the respective conditions. The ERN was  deﬁned as the most neg-
ative peak on error trials in the 100 ms  following the response at
the central midline electrode Cz, where visual inspection showed
that this component was maximal. For statistical analyses, we  used
the average amplitude of the ERN in a time window starting 25 ms
before the peak until 25 ms  after the peak. For correct trials, on
which no negative peak was present in the 100 ms following the
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esponse, the average amplitude was obtained for each subject and
ondition from the same time window as on error trials. ERN cal-
ulations were based on no fewer than eighteen artifact-free error
rials.
Statistical analyses. We  created two separate variables with the
verage ERN amplitudes in the teddy bear condition and in the
ox condition. To test for effects of simulated interpersonal touch
n ERN amplitudes, we performed a two-way repeated measures
nalysis of variance (ANOVA) with correctness of response and con-
ition as within-subject factors. When a signiﬁcant interaction was
ound, we analyzed correct and error trials separately with one-way
epeated measures ANOVAs. To investigate the role of trait intrin-
ic motivation, we included it as a covariate in a one-way repeated
easures ANOVA on amplitudes on error trials with condition as
ithin-subject factor.
. Results
The mean score for trait intrinsic motivation was 9.35
SD = 2.21). The mean percentage of omission errors and commis-
ion errors was 8.8% (SD = 5.27) and 51.7% (SD = 12.60) respectively.
he mean reaction time was 322.10 (SD = 34.90) for correct Go tri-
ls and 274.23 (SD = 26.79) for incorrect No-Go trials. We  did not
nd effects of condition on performance. Table 1 shows the esti-
ated marginal means per condition and the Pearson correlations
etween trait intrinsic motivation and performance.
ERN. We  performed a two-way repeated measures ANOVA
n ERN amplitudes with correctness of response (error or cor-
ect) and condition (teddy bear or box) as within-subject factors.
onsistent with an ERN effect, there was a main effect of correct-
ess of response, F(1.19) = 83.78, p < .00001, p2 = .815, such that
RN amplitudes were more negative on error trials (M = −1.66,
D = 1.63) than on correct trials (M = 4.15, SD = 2.04), and an inter-
ction between correctness and condition, F(1.19) = 5.38, p = .032,
p
2 = .221.
We further interpreted the interaction effect by analyzing
orrect and error amplitudes separately with one-way repeated
easures ANOVAs. These analyses showed an effect of condition
n error trials, F(1.19) = 4.35, p = .051, p2 = .186, but not on cor-
ect trials (p = .812). As can be seen in Fig. 1, the ERN amplitude was
ore negative on error trials in the teddy bear condition (M = −2.31,
D = 2.14) than in the box condition (M = −1.00, SD = 2.16).
The response-locked ERPs in the time interval of the ERN may be
nﬂuenced by the P3 response to the stimulus, which is sensitive to
otivation [30] and may  be responsible for the positive peak that is
isible around 80 ms  after correct responses (see Fig. 1). To control
or potential P3 effects in the response-locked ERPs, we  performed
he same analyses including the effect of condition on amplitude
i.e., bear minus box) from correct trials averaged over CPz and Cz as
 covariate. These analyses yielded comparable results: condition
ad an effect on error trials F(1.18) = 5.29, p = .034, p2 = .23.
.1. Trait intrinsic motivation
Next, we performed a one-way repeated measures ANOVA on
mplitudes on error trials with condition as within-subject factor
nd trait intrinsic motivation as a covariate. The analysis revealed
 main effect of trait intrinsic motivation, F(1.18) = 5.90, p = .026,
p
2 = .247, and a marginal interaction between condition and trait
ntrinsic motivation, F(1.17) = 3.70, p = .070, p2 = .171. After con-
rolling for potential P3 effects, we still found a main effect of
rait intrinsic motivation, F(1.17) = 6.50, p = .021, p2 = .276, and
n interaction between condition and trait intrinsic motivation,
(1.17) = 4.47, p = .050, p2 = .208. As can be seen in Fig. 2, only par-
icipants high in trait intrinsic motivation displayed less negative Letters 617 (2016) 134–138
ERN amplitudes, a pattern consistent with lower task engagement,
in the box compared to the teddy bear condition.
3. Discussion
In the present study, we  observed that simulated interpersonal
touch, e.g., holding a teddy bear, led to larger ERN amplitudes when
making errors than holding a cardboard box. This effect emerged
even after we corrected for the P3 motivational response to the
stimulus. We  also found that trait intrinsic motivation moderated
the effect of simulated interpersonal touch. Whereas participants
low in trait intrinsic motivation had similar ERN amplitudes across
both conditions, participants high in trait intrinsic motivation dis-
played greater ERN amplitudes in the teddy bear compared to the
box condition. This pattern of ﬁndings is consistent with the idea
that simulated interpersonal touch allowed participants sensitive
to cues of intrinsic motivation to maintain higher levels of motiva-
tion during the task.
The present results mesh well with earlier ﬁndings regarding
trait intrinsic motivation and the ERN. Speciﬁcally, in a previous
study, we found that a different questionnaire marker of trait intrin-
sic motivation, i.e. absorption, predicted larger ERN/Ne amplitudes
only during the ﬁrst 20 min  of performance, after which absorp-
tion was  associated with a sharp decline in ERN amplitudes [13].
Presumably, the latter pattern reﬂects the responsiveness of intrin-
sically motivated people to interesting and novel aspects of the task.
As long as the task is interesting and engaging, people high (rather
than low) in trait intrinsic motivation are more motivated to per-
form the task. However, when the task becomes less interesting,
they become increasingly less motivated. It is notable that items of
the absorption questionnaire (e.g., “Becoming extremely involved
in a good book or movie is somewhat rare for me  [reverse-coded]”)
show substantive overlap with items of our present questionnaire
of trait intrinsic motivation (e.g., “When I’m watching a really good
movie, I get so involved in the ﬁlm that I do not even think of
doing anything else” [vs. “I often want to get something else to
do while I’m watching the movie”]) Thus, the present results con-
verge with earlier ﬁndings showing that trait intrinsic motivation
predicts smaller ERN amplitudes under less motivating conditions.
The present study leaves several questions to be addressed in
future work. First, the present study only included a teddy bear and
a box condition, so we  cannot deﬁnitively conclude to what extent
either condition drove the observed effects on the ERN. Future
research is needed to replicate the present study with an addi-
tional condition in which participants do not hold anything. Second,
touch did not affect performance in the present study. This is con-
sistent with many studies showing an ERN effect in the absence
of performance effects [11,13,28]. Nevertheless, other studies have
shown that interpersonal touch can improve performance [16,20].
More research is therefore needed to specify the conditions under
which (simulated) interpersonal touch enhances the ERN and/or
performance.
Another fruitful avenue for future research would be to inves-
tigate what speciﬁc qualities of the teddy bear increase task
engagement. Recent studies have shown that careful task perfor-
mance can be increased by inducing an embodied state of care:
carefulness [31,32]. Cute features of infants do not only elicit feel-
ings of tenderness and nurturance in adults [33], but may  also
translate into careful motor behavior appropriate for caring for a
small, vulnerable child [32]. Thus, cute objects such as teddy bears
may  elicit careful behavior. Other studies suggest that it is the soft-
ness of the teddy bear that helps buffer people against the effects of
social exclusion [22] and mortality salience [21]. Because we did not
measure perceived qualities of the teddy bear (e.g., cuteness, soft-
ness, anthropomorphism), more research is needed to determine
M. Tjew-A-Sin et al. / Neuroscience Letters 617 (2016) 134–138 137
Table  1
Estimated marginal means (SD) per condition and Pearson correlations of trait intrinsic motivation with performance.
Pearson correlations
Condition Performance measure Estimated marginal means 1 2 3 4 Trait intrinsic motivation
Teddy
bear
1 ERN −2.31 (.48) .11
2  Commission errors 50.2 (3.9) .38 .08
3  Omission errors 8.7 (1.0) .28 .43† .40†
4 RT Go 326 (9) −0.19 −0.74** −0.48* −0.19
5  RT No-Go 278 (7) −0.17 −0.54* −0.62* .86** −0.38†
Box 1 ERN −1.00 (.48) .64**
2 Commission errors 53.3 (2.5) .45* .43†
3 Omission errors 9.0 (1.5) .35 .05 .06
4  RT Go 318 (8) −0.45* −0.41† −0.42† −0.57**
5 RT No-Go 271 (7) .65** −0.15 −0.29 .89** −0.51*
The percentage of commission and omission errors was  used for the correlations.
† p < .10.
* p < .05.
** p < .01.
Fig. 1. Response-locked event-related potentials in V over time (ms) from electrodes Fz, FCz, Cz, and Pz as a function of correct (solid line) versus error (dashed line)
response and bear (thick line) versus box (thin line) condition.
Fig. 2. Response-locked event-related potentials from error trials in V over time (ms) from electrodes Fz, FCz, Cz, and Pz as a function of holding a teddy bear (thick line)
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asis  of median split.
he relative contribution of each of these qualities in inﬂuencing
he ERN.
In conclusion, whereas previous studies have shown an encour-
ging effect of interpersonal touch in educational and health
ettings, the present study is one of the ﬁrst to show that simulated
nterpersonal touch may  have a similar effect, especially among
eople who are sensitive to triggers of intrinsic motivation. These
ndings suggest that touch can be utilized as a motivating and
ealth-promoting tool [34]. In recent times, interpersonal touch
as been increasingly perceived as an ethical or risk management
ssue to be avoided, and educational and health care professionals
ay  fear that their use of touch is misinterpreted or considered
nappropriate. In light of these developments, simulated interper-
onal touch may  form an important alternative way  to allow people
o beneﬁt from the encouraging effects of touch.tion. For presentational purposes, we created high- and low-scoring groups on the
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